S U M M A R Y 243 measurements of cerebral blood flow by a noninvasive 133Xe clearance technique have been made in 45 patients undergoing surgery for a recently ruptured cerebral aneurysm. Two groups of patients have been defined by the presence or absence of a postoperative rise in cerebral blood flow which showed a significant correlation with level of consciousness after operation. When Walton' wrote his classical monograph on subarachnoid haemorrhage he reported a mortality of 45 % during the first hospital adm ssion following a bleed. Since that time a great deal has been done to improve the prognosis for those patients in whom the haemorrhage arises from a ruptured aneurysm. This improvement owes much to better angiography (in particular to magnification techniques), to the introduction of the dissecting microscope2 which permits better visualisation of the aneurysm through a smaller operative field, and to the development of the Scoville clip which is gently released on to the neck of the aneurysm instead of requiring to be positioned by pressure. Important also has been the recognition of the decisive influence of the clinical status of the patient prior to surgery3-4 and the timing of operations upon the outcome.
Despite these advances which have enabled a mortality as low as 1 6y% to be achieved in suitable patients operated upon within days of their first bleed", 6 The time course of the mean CBF changes for the 45 patients preoperatively and for the first seven postoperative days is presented in table 2. This shows a postoperative rise in CBF particularly on the first postoperative day. The preoperative CBF of 55-2 ml/100 g/min was compared with the CBF of 62-6 ml/100 g/min on the first postoperative day by a paired 't' test; the increase was found to be significant at the I per cent level. This was not due to a difference in either pCO2 or BP.
Inspection of the temporal profile of CBF in individual patients however showed that the postoperative first day rise was absent in 16 cases. In two of these the preoperative and postoperative CBF levels were the same whilst in the remaining 14 there was an appreciable fall. The postoperative rise in CBF among the 29 patients in whom it was present ranged from 7 to 155 per cent above the pre- groups in pCO2 or BP. The VH was significantly lower preoperatively in the group with a postoperative rise in CBF (p < 0 05 unpaired 't' test); it was also lower on the first and second postoperative days. However the difference between the pieoperative and first postoperative VH was the same in both groups hence could not have accounted for the rise in CBF in one group and the fall in the other.
The CBF value used throughout the study was the mean of the fast clearing component (Ff) recorded by each of the six detectors. Because the proportion of fast to total flow varies both in normal brain with change in pCO2 and under pathological conditions, the possibility that the differences in Ff between the two groups was the result of a difference in the fraction clearing at the fast rate (Fr) was examined. The results (table 4) show no significant difference on any day between the groups (p > 0 1).
The relationship of the presence or absence of a postoperative rise in CBF to the preoperative clinical status and CBF of the patients is presented in table 5. 51 % of those with a postoperative CBF rise were in Grades III and IV against 37% of those without a rise. The preoperative CBF of 50-6 ml/ 100 g/min in the group of patients with a postoperative rise was significantly lower than the preoperative measurement of 63 4 ml/100 g/min in the group without a postoperative rise (unpaired 't' test p< 0 02). As table 5 shows the main contribution to this difference was by the patients in Grade I There was no difference in the management of the patients in the two groups with regard to the anaesthetic regime and preoperative and postoperative drug therapy; one patient from each group was given an infusion of metaraminol to elevate blood pressure but this was not until the third and fifth postoperative days. All patients were given infusions of low molecular weight dextran postoperatively, with two exceptions in the group with a postoperative rise in CBF who were given dextrose only. In none of the patients was drainage of cerebrospinal fluid performed.
Finally the presence or absence of a postoperative rise in CBF was correlated with the patients' level of consciousness after surgery, the results being given in table 6 . This shows a striking difference between the two groups; 24 of the 29 patients with a postoperative rise in CBF were alert on the first postoperative day against only 4 of the 16 without a rise. Chi squared test shows this difference to be highly significant (X2 = 12-28 p < 0 0005). 27 ml/100 g/min. An anterior communicating aneurysm was clipped during which procedure it was necessary to occlude both anterior cerebral arteries for 10 minutes. Postoperatively he was still drowsy with a CBF of 34-5 ml/100 g/min.
He then developed a right hemiplegia and dysphasia. CBF during the first seven postoperative days fluctuated between 30 and 51 ml/100 g/min. He subsequently developed akinetic mutism and died two months later. Thus of the five patients who despite a postoperative rise in CBF were drowsy on the first postoperative day four subsequently developed a focal neurological deficit. The one who died (No 260) was a poor risk being in Grade IV preoperatively and remained in coma postoperatively until she died. Of the four who developed a focal deficit one had a postoperative extradural haematoma, two had interference with blood flow through the anterior cerebral arteries during surgery and in only one was there no readily detectable reason for the focal deficit. However two other patients in this group had the anterior communicating artery clipped without any untoward effects.
PATIENTS WITHOUT A POSTOPERATIVE RISE IN CBF
Of the 16 patients who did not have a rise in CBF after surgery only four were alert on the first postoperative day, their mean CBF being 70 ml/100 g/ min. The absence of a rise in these four was probably due to the fact that the:r mean preoperative CBF of 85 ml/100 g/mIn was already high for pat ents with recent subarachnoid haemorrhage.
Of the remaining 12 patients, all of whom were drowsy, four did badly. They were in Grade III preoperatively with a mean CBF of 42-0 ml/100 g/ min (range 27-54) which is appieciably lower than the 55 ml/100 g/min for the whole series. After operation their level of consciousness was depressed for a prolonged period and, though they showed no notable focal neurological deficit, the recovery of three was marred by considerable mental impairment and one d:ed. The mean CBF for this group on the first postoperative day was 41 ml/100 g/min.
The remaining eight drowsy patients included two who subsequently developed focal deficits. The first (No 144), who was in Grade III preoperatively with a CBF of 40 9 ml/100 g/min, had an unaccomplicated operation for a left posterior communicating aneurysm. Her CBF on the first postoperative day was only 39 ml/100 g/min. On the fourth day she developed a right hemiparesis and dysphasia. Mean CBF was 57 ml/100 g/min. CT The postoperative rise in CBF is unlikely to be the result of temporary vasoparalysis as this would not c be in keeping with the good clinical condition and alertness of the majority of the patients. A more satisfactory explanation is that the vascular tree has retained its reactivity and that the rise in CBF is a hyperaemic response to the period of hypotension employed during the operative treatment of these patients. On this hypothesis the absence of a postoperative rise in CBF despite a similar degree and duration of hypotension may indicate some impairment of responsiveness of the cerebral vessels. Thus, despite the higher preoperative level of CBF, the impaired responsiveness of the cerebral vessels might prevent the adjustment of flow to metabolic needs and so contribute to the drowsy state of the majority of the patients in the group and the generalised cerebral damage suffered by four. Although the group was not more prone to late focal neurological complications than the group with a postoperative rise in CBF (such complications sometimes being related to operative difficulties), the fact that four suffered diffuse cerebral impairment suggests that a study should be undertaken of the effect of cautiously raising the blood pressure in such patients whilst observing its effect on CBF and state ofconsciousness.
The development of noninvasive techniques for the measurement of CBF promises to be a valuable tool in the study of those cases of subarachnoid haemorrhage and aneurysmal surgery who do not do well. A single measurement is unlikely to be helpful, but serial measurements correlated with clinical status, CT scanning and taken in conjunction with the information provided by the preoperative angiogram and the experience at operation may well ultimately facilitate the postoperative management of these patients.
